Extracardiac arteriovenous malformations are an uncommon cause of severe cardiac failure in infancy. An intracranial arteriovenous malformation associated with an aneurysm of the great vein of Galen is the most frequent of such arteriovenous malformations. Its presence may lead to diagnostic confusionl 2 because the signs point towards a cardiac cause. In this condition, cardiac failure most frequently occurs in the first two weeks of life, but may not be apparent for several months, and in the minority is absent. The size, number, and nature of the vessels within the malformation determine the degree of arteriovenous shunting and consequently the time of onset of heart failure.
Cyanosis in the neonatal period causes further diagnostic difficulty because the raised pulmonary vascular resistance, combined with the low systemic vascular resistance caused by the large arteriovenous malformation promotes right to left shunting, usually through a persistent ductus arteriosus or patent foramen ovale.3 A large systemic venous return may also be associated with a right to left shunt, though, if there is relatively little systemic venous desaturation at high flows, cyanosis may be less apparent.
In this report we review the mode of presentation, method of diagnosis, and results of treatment in Accepted for publication 21 October 1982 patients with cerebral arteriovenous malformation associated with aneurysm of the vein of Galen, and discuss the role of cross-sectional echocardiography in making the diagnosis.
Patients and methods
Between 1969 and April 1982, 16 patients with aneurysm of the vein of Galen presented to The Hospital for Sick Children, Great Ormond Street. Three of these patients were studied prospectively by echocardiography, and the remaining 13 were reviewed by reference to the records of the cardiology, neurosurgery, and morbid anatomy departments.
Sixteen patients with an aneurysm of the great vein of Galen presented over a 13 year period. Ten (65%) presented in cardiac failure, and eight required treatment for cardiac failure in the first month of their lives. There were 13 male and three female patients, giving a sex ratio of 4:1, M:F. Their ages ranged from 1 day to 10 years, with most presenting in infancy (Table 1) . The patients are grouped according to the classification of Amacher and Shillito4 (Table 2) .
MODE OF PRESENTATION
The 10 patients who presented in cardiac failure are summarised in Table 3 . Coarctation of the aorta and cardiac failure of uncertain, presumed cardiac, cause group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from of these infants was made worse by this procedure and one died within two hours. The fifth patient was investigated by cross-sectional echocardiography which provided the diagnosis (see echocardiography). Of the five patients in whom the diagnosis was suspected clinically, two had the diagnosis confirmed by cross-sectional echocardiography without cardiac angiography. In three patients, therefore, echocardiography provided the diagnosis, excluded any associated cardiac abnormalities, and obviated the need for cardiac catheterisation and cardiac angiography.
CARDIAC CATHETERISATION/ANGIOGRAPHY
The characteristic finding at cardiac catheterisation was a higher oxygen content in the superior vena cava than in the inferior vena cava, and this was often associated with a right to left shunt at atrial or ductal level. Left ventricular angiography was characterised by an enlarged ascending aorta, enlarged innominate and carotid arteries, and a rapid return (two to three cardiac cycles) of contrast to the dilated superior vena cava.
ECHOCARDIOGRAPHY
Heart and great vessels Three cases had cross-sectional echocardiographic studies; the findings described below were constant in all three patients. The subcostal and precordial four chambered views showed dilated and hyperdynamic left and right ventricular chambers with no atrial or ventricular septal defects. In the suprasternal cuts, the ascending aorta, arch arteries, superior vena cava, and innominate vein were dilated. In one patient with an associated persistent ductus arteriosus, both ascending and descending aorta appeared large with a narrow isthmus between (like pseudo-coarctationsee Fig. 1 ).
A venous contrast study was performed in one patient by injecting a 2 ml bolus of micro-bubbles of air into a peripheral vein. The micro-bubbles shunted from the right to the left atrium across a patent foramen ovale and then returned to the superior vena cava within a few cardiac cycles, having passed unchanged through the cerebral malformation. The absence of a fine capillary network within the cerebral arteriovenous malformation explains why the micro-bubbles pass unchanged into the jugular veins. This rapid transit of contrast from the left side of the heart, through the aneurysm and into the superior vena cava, is a useful sign when the fontaneile is closed and direct visualisation of the brain through the ultrasound window of the skull cannot be obtained.
Skull
In viewing the cerebral anatomy, the transducer is placed over the anterior fontanelle and the scan made first from anterior to posterior in the frontal plane, and secondly from side to side with the beam perpendicular to the frontal plane. In all three cases, the aneurysm was seen in the midline and posteriorly as a large central echo-free space (Fig. 2) . Multiple feeding vessels were also visualised, though not sufficiently well for neurosurgical treatment. In the patient in whom the venous contrast study was performed, air micro-bubbles were seen to pass rapidly through the aneurysm. In one other patient, the lateral ventricles were seen to be dilated. eight children had cerebral angiography, and all but one (case 13) proceeded to neurosurgery. The diagnosis had been previously made by clinical examination, cardiac angiography, or echocardiography.
Results of treatment
All the neonates died in hospital because of the severity of their cardiac failure. In this group, neurosurgery was considered to be hopeless, though percutaneous retrograde venous insertion of beryllium wire was tried without success in one (case 4).
The two oldest children (aged 7 and 10 years) who had neither cardiac failure nor neurosurgery are alive several years later. Of the remainder, between the ages of 3 months and 3 years, two out of eight are currently alive after neurosurgery. (This involved either clipping of feeding vessels or ventricular decompression by a shunt procedure.) All the deaths were related to early or late complications arising from the neurosurgery, or from the lesion itself, rather than from the effect of cardiac failure.
Discussion
In the majority of neonates and infants with intracranial arteriovenous malformation associated with an aneurysm of the vein of Galen, severe congestive cardiac failure suggests a diagnosis of congenital heart disease. Investigations are, therefore, directed towards defining the exact lesion. The use of crosssectional echocardiography in the sick neonate and small infant especially provides a rapid and accurate assessment of intracardiac anatomy. The diagnosis of an intracranial malformation of the vein of Galen was made reliably by cross-sectional echocardiography, using both the suprasternal and transfontanelle approaches in the three patients studied.
These patients have previously been subjected to the invasive investigation of cardiac catheterisation with cardiac angiography-a procedure that carries an appreciable morbidity in severely ill neonates.
We The features that characterise an extracardiac arteriovenous communication with an aneurysm of the vein of Galen are: (1) cranial bruit; (2) signs of a large left to right shunt; (3) the absence of a major intracardiac defect; (4) dilated hyperdynamic left and right ventricles and dilated ascending aorta, arch vessels, superior vena cava, and innominate vein; (5) a rapid passage of contrast from the left side of the heart to the superior vena cava via the cerebral malformation; (6) the presence of a large central cerebral echo free space.
Each of these last four features was accurately defined by echocardiography in our series, and was similar to those reported by Snider et al. 5 In particular, the use of the suprasternal approach facilitates the assessment of the size of the aortic arch and head vessels.6
Conclusion
Echocardiography eliminates the need for an invasive cardiac angiographic investigation in the sick neonate and infant, and provides an accurate and rapid diagnosis of a cerebral arteriovenous malformation with aneurysm of the vein of Galen. The avoidance of a potentially dangerous procedure is of benefit to those in whom neurosurgery may be contemplated, even though they may still be subjected to detailed neuroradiological procedures, and it is a kindness to those in whom neurosurgery is not contemplated. 
